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THRRmJG&Y CONDUCTIVE MATERIALS 
COHTAINIHQ TIT AH I UM DZBGRIDE FILLER 

This invention relates to thermally conductive 
materials, such as elastomers, films, tapes, and compounds 
such a£ adhesive* and greases. Moreover, it relates to 
the use of titanium diboride a a a thermally conductive 
filler in such materials • 

BACKGROUND OF THE IHVRNTION 

Thermally conductive materials Include elastomeric 
materials such as CHO-THERM® thermal pads r films, such as 
KAPTONtr mt thermally conductive polylmide film, tapes, 
such TKERMATTACH™ pressure sensitive acrylic tapes, and 
adhesives and greases, such aa silicone grease, all of 
which contain a thermally conductive filler in a resin 
binder « They are primarily used in electronic 
applications where good thermal conduction is needed. For 
example, a thermally conductive material may be used as an 
interface between a heat source, such as semiconductor or 
other electronic component and a metal heat sink. 

Many electronic designs and applications are limited 
by the ability to dissipate thermal energy generated 
during the operation of the electronic components. Many 
electronic components, especially semiconductor 
components P are prone to breakdown at high temperatures, 
Thus, the ability to dissipate heat is a limiting factor 
on the performance of the component. 

Thermally conductive material* have been based upon 
the use of a binder r preferably a resin binder in 
particular a silicone, thermoplastic rubber, urethane or 
acrylic, into which one or. more thermally conductive 
fillers have been distributed. 

These fillers have typically been one of two major 
types: thermally conductive, electrically insulative or 
thermally conductive, electrically conductive fillers « 

Aluminum cxide, magnesium oxide, zinc oxide, boron 
nitride and aluminum nitride are the most often cited 
types of thermally conductive, electrically insulative 
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fillers used in thermal products* Aluminum* copper, 
graphite, nickel and silver are commonly cited examples of 
thermally conductive, electrically conductive fillers. 

In using such materials/ it is known that by 
applying pressure between the heat source and the heat 
sink, one is able to obtain higher apparent thermal 
conductivity from the thermal product which ia located 
between the heat source and heat sink. Typically, 
pressures of up to 300 psi are used in order to obtain the 
maximum apparent thermal conductivity possible from the 
product* 

What is desired is a thermally conductive filler 
with higher thermal properties. Moreover, it is desired 
to have a thermally conductive material which has 
satisfactory thermal properties at low or no applied 
pressures. 

The present invention provides such a material. 

summary: of the ihvkhtkmj 

The invention provides filled thermally conductive 
material of improved apparent thermal conductivity using 
titanium diboride as the filler. 

In one aspect, the Invention encompasses a thermally 
conductive filled elastomer composition comprising an 
elastomer such as silicone rubber, thermoplastic rubber or 
polyurethane, and titanium diboride as the thermally 
conductive filler. 

In another aspect, the invention encompasses a 
thermally conductive filled plastic film comprising a 
composition of a plastic resin and titanium diboride as a 
filler. 

In a further aspect, the invention relates to a n 
pressure sensitive, thermally conductive tape composition 
of a pressure sensitive silicone, urethane or acrylic 
resin and titanium diboride filler. 

In an additional aspect, the invention relates to a 
thermally conductive adhesive or grease formed of a resin 
binder and titanium diboride filler. 

2 
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DETAILED DESCRIPTION OF THE INVENTION 

The compositions of the invention generally comprise 
a resin binder and titanium diboride as b thermally 
conductive filler. The compositions can be formed into 
various configurations such as elastomeric pads, films, 
tapes, compounds, edhesivea and greases. 

Titanium diboride (TiB 2 > is a thermally conductive 
material. It is not electrically inaulative, os is 
alumina or boron nitride. However, its electrical 
conductivity is 'at least a magnitude of order below the 
traditional metal fillers, such as aluminum copper, nickel 
or silver. As such it is useful for most thermal 
applications, especially those applications where 
electrical insulation is not an absolute necessity. 

Moreover, the literature has described titanium 
diboride as having poorer thermal properties than the 
traditional fillers such as alumina and boron nitride* 
Applicant has found that this material when in particulate 
form and distributed throughout a resin matrix hae high 
levels of apparent thermal conductivity. It has been 
found that the level of apparent thermal conductivity of a 
resin matrix containing titanium diboride as a thermally 
conductive filler is better than a resin matrix made using 
alumina, boron nitride, aluminum, copper, or silicon 
carbide under applied pressure or at no applied pressure 
at all. 

The resin binder to which the filler may be added 
includes silicones, methanes, thermoplastic rubbers, 
acrylics and the like. 

Silicone elastomers are preferably formed from a 
silicone gum which is crosslink©* using a catalyst. An 
example of a suitable silicone gum is sold under the name 
-Silastic* 4-2765 m by Dow Corning , inc. A peroxide 
catalyst? 2,5-diroethyl 2,5-bis (t-butyl peroxy) hexane 
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50% on CeC0 3 sold by R. T* Vanderbilt as verox«> DBPK-50 Is 
an example of a suitable catalyst. 

Preferred thermoplastic rubbers are typically 
thermoplastic blockpolymers such as Kraton* G-1657-MX (b 
styrene-ethylene-butylene-styrene block copolymer having a 
styrene/rubber ratio of 13/87 > sold by Shell Chemical Co. 

Preferred crosslinkable block copolymers are 
thermoplastic rubbers such as Kraton* G-19D1-X and Kraton® 
RP-6501 sold by Shell Chemical Co. These rubbers are 
styrene/olef in based with functional groups* G»190l*X has 
csrboaeyl groups whereas PP-6501 has ethoxysilanbl groups ♦ 
In order to cause crosslinking, a crosslinXing agent and a 
croselinking catalyst are preferably combined with the 
crosslinkable copolymer, A preferred croselinking agent 
is cymelo 303 (hexaroethoxymethylinelamine} sold by American 
Cyanamid. A preferred cros slinking catalyst for G-1901-X 
is Cycat* 600 (aromatic sulfonic acid) also sold by 
American Cyensmid* For rf-6501, dibutyl tin dilaurate is 
a preferred catalyst. 

Preferred urethanes are polyurethane resins, which 
are nonfoaming and capable of being orossllnked at 
elevated temperatures « Such systems are well known, such 
as from U,6, Patent 4,869,9 54 which is incorporated by 
reference in its entirety. * 

Preferred resins for films include polyolefins such 
as polyethylene, polyimides, polyamides, polyesters and 
PBEK, well known films particularly useful in the present 
invention are MYLAR* polyester films and KAPTONQP polyimide 
films. As these films, without a thermally conductive 
filler, exhibit poor thermal conductivities, the 
additional of titanium diboride alone or in combination 
with one or more thermally conductive fillers, especially 
boron nitride or aluminum oxide, increases the thermal 
properties of the film dramatically, while causing little 
or not effect to the film's physical properties. 

4 
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When the thermally conductive material is in the 
fawn of a tape or an adhesive , it is preferably formed of 
a pressure sensitive adhesive material, such as a 
silicone, urethane or an acrylic adhesive resin and 
titanium diboride, alone or in combination with one or 
more additional thermally conductive fillers, such resins 
are well known and commercially available* £HA U«S« 
5,212,868 which is incorporated by reference in its 
entirety. 

The tape is typically formed by coating the 
composition containing the filler and resin onto a 
releasable surface and dried or cured to form a form 
stable material. If desired, a releasable coversheet may 
be applied to one or both sides of the tape to Keep it 
from prematurely sticking to a surface, to allow it to be 
rolled up on itself and/or to keep it from picking up 
dirtf dust and often debris which could interfere with the 
thermal capabilities of the tape in use. 

When the thermally conductive material is in the 
form of a grease, it is preferably formed of an 
uncross linked silicone oil containing titanium diboride as 
a thermally conductive filler. 

If desired in the elastomer or tape configuration, 
one may incorporate one or* more layers of a support 
material to increase the toughness, resistance to 
elongation and tearing and other mistreatment of the 
thermally conductive material* The incorporation of 
support materials is particularly desired where mechanical 
strength needs to be improved. Any tearing or penetration 
of the thermally conductive material allow for the 
formation of a pocket of air, which as described above is 
poor thermal conductor. These air pockets can lead to 
localised hot spots and an overall decline in thermal 
performance. 

The support material should not adversely interfere 
with the thermal conductivity of the thermally conductive 
material. Preferably, the support material is itself 
thermally conductive. 
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Examples of reinforcing materials useful in the 
present invention include, but are not limited, to glass 
fiber, mesh or cloth, plastic fiber, mesh cloth or films 
anfl metal fiber, mesh, cloth or foils. 

The glass cloth may be woven or unwoven. 

The plastic support material is preferably a mesh k 
material, or a film. If a film, it may be solid or 
foraminous. Examples of suitable plastics include nylons, 
polyesters, polamides, polyimidos, polyothylenes , or 
PEEK » well-known plastic films particularly useful in the 
present invention are ftSLARO polyester films and KAPTON® 
polyimide films. As plastic films generally exhibit poor 
thermal conductivity properties, it is desirable to use a 
film which contains a thermally conductive filler. One 
euch filler film is KAPTON KT«>, a polyimide film whiah 
contains either an aluminum oxide or boron nitride 
filler. This material exhibits twice the thermal 
conductivity of an equivalent unfilled film. 
Alternatively, one may uae a very thin film layer so as to 
minimize its effects on the thermal transfer. 

Metal mesh cloths or foils are the preferred support 
material due to their high thermal conductivity. Examples 
of preferred metals useful as a mesh cloth or a foil, 
include but are not limited to, aluminum, copper, silver, 
iron, tinned copper, monel or FERKBXP metal. Regardless 
of the support material used, it should be as thin as 
practicable while still providing the desired support. 

The support materials may be embedded in the 
thermally conductive material or coated, calendered or 
attached to one surface of the thermally conductive 
material. Preferably, the support material and thermally 
conductive material are formed into a laminate of three or 
more layers with the support layer being the center layer 
and the thermally conductive material forming the outer 
layers. 
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The thermally conductive filler comprises titanium 
diboride (TiB 2 ). Other thermally conductive fillers may 
be used in conjunction with the titanium diboride, 
however, compositions having titanium diboride as the only 
thermally conductive filler are preferred. The filler 
preferably has an average diameter of about 2-50 microns 
(smaller diameters in this range are more preferred) and 
may bo in any form ouch as particles, spheres and/or 
platelets* If desired, one may use a range of particle 
sices to achieve higher loadings ♦ The filler may be 
obtained commercially or may be formed by any known 
process. 

The proportion of TiB 2 filler in the filled 
composition may vary depending on factors such as the 
desired thermal conductivity, the degree of electrical 
isolation and the degrees of elasticity desired, etc. 
Generally, the thermal conductivity increases with the 
proportion of filler in the composition. Preferably, the 
composition contains at least about 60 wt.% filler more 
preferably at least about 70 wt*% filler. Alternatively, 
the titanium diboride constitutes from about 10 to about 
60 volume % of the composition, preferably from about 40 
to about 70 volume The balance of the composition is 
formed by the resin and any auxiliary materials (e.g. 
catalysts, residual solvents, plasticisers, other fillers, 
etc.) Any appropriate conventional additives may be 
incorporated into the composition . 

The thermal materials may be formed by any 
conventional method in any conventional shape , The 
methods all involve the formation of an initial mixture of 
resin and TiB 2 filler, which then can be formed into a 
sheet film or tape or placed in a mold, dried and/or cured. 

One method of forming the material is to combine the 
resin binder with the selected filler or fillers and 
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thoroughly mix the ingredients while slowly adding a 
solvent until a liquid having a Bmooth texture is 
achieved. The material is then cast onto a release sheet 
auch as a piece of glass, ffifLAR* film or coated paper, or 
on to a support layer and heated to drive off the advent 
and form the thermally conductive material. 

An alternative method is to thoroughly mix the 
ingredients together with a sufficient amount of solvent 
to ohtain a thin liquid. The liquid can then be sprayed 
or coated onto a surface auch as a release sheet or a 
reinforcing material auch as a glass fiber cloth, a 
KAFT0N8 film or metal foil and heated to cure. 
Additionally, the same liquid formulation may have a 
porous support material , such as a glass fiber mesh, 
dipped into It to form the desired coating. 

A further method of forming a heat conductive 
material of the present invention is by extrusion. The 
resin is reduced molten and the filler and other 
ingredients/ if any, are added to the melt stream and 
intimately mixed with the resin. The molten mixture is 
then extruded, as a flat sheet on a tube which can be 
expanded and slit to form a thin film, as is well known in 
the art. 

Another method of forming the heat conductive 
material of the present invention is by molding. This is 
particularly useful when one wishes to form a 
substantially thick heat conductive layer or when one 
wishes to form a specially shaped heat conductive material 
auch as an elastomeclo pad. In molding the heat 
conductive material, the components are mixed with a 
solvent and poured into a prefabricated mold may coat the 
inside of the mold with i release coating before adding 
the components. The mold is then heated or otherwise 
subjected to an external energy field to form the molded 
shape. Instead of using a separate mold, it may be 
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desired to use a mold which allows the heat conductive 
material to be molded in place directly to one of the 
surfaces it will contact. 

A preferred method ia to form a laminated material 
of three or more layers in which the center layer ia 
formed of a support layer discussed above/ such as glass 
meahj plastic film or metal foil and an outer layer of the 
thermally conductive material is bonded on each side of 
the support layer and interpenetrating it so as to form a 
cohesive laminated material* The bonding may occur 
sequentially so that one side of the support layer is 
covered and cured and then the process is repeated on the 
opposite side. Preferably, the outer layers are applied 
to both sides simultaneously ♦ if desired/ all three 
layers may contain titanium diboride as the primary 
thermally conductive filler. 

Where it Is desired to have the thermal interface 
material provide eleatrlcel isolation as well as thermal 
conductivity/ it is possible to do so, even with the 
electrically conductive titanium diboride filler when one 
forms a laminate of two outer layers containing titanium 
diboride and a center layer of thermally conductive, 
electrically insulative material such as a filled film, 
such as KAFTOOT NT film, in order to ensure that no 
arcing or flash around occurs between the two isolated 
conductive layers, the middle layer should be of e width 
and length that is greater than that of the two outer 
layers * Preferably, it has a width and length that is at 
least S%, more preferably 10% greater than that of the 
outer layers. This prevents such arcing from occuring due 
to the long length of dielectric surface over which the 
electrical energy would have to travel. For example, a 
square piece of the product according to this embodiment 
would preferably have two layers containing titanium 
diboride filler of 1 inch by 1 inch and middle dielectric 
layer, such as of kaftok® mt film of 1.1 inch by l.i inch. 
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The invention is further illustrated by the 
following example. The invention ie not limited to the 
materials/ process steps or results given in the examples 
below. 



A thermally conductive material according to the 
present invention was made as follows: 

1. ) A mixture of ID grains isopropyl alcohol and 40 
grams of a solvent (toluene) was prepared and to which as 
added a si lane coupling agent in an amount equal to 1% by 
weight of the thermal filler to be added. A email amount 
o£ deionlzed water was then added to prehydrolize the 
sllane. 

2. ) Titanium diboride (43.20 grams) was added end 
mixed for about 30 minutes to form a slurry, 

3r} The slurry was mixed with 36 grams of acrylic 
reain dissolved in toluene solvent. The slurry was then 
mixed under high shear conditions for 60 minutes and then 
degassed. 

4«) The slurry was knife coated onto a release film 
in a thickness of 13 mils and dried in a hot air 
convection oven to drive off the solvent and then cured in 
the same oven at a temperature of 125% for S minutes. The 
coated release films were then laminated to both sides of 
2 mil 1100 aluminum foil. 

The product was then tested for thermal conductivity 
st levels of 0 psi and at 300 psi with the following 
results : 
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EXAMPLE 



0 psi: 0.60 
300 psi: 0.72 



Units are W/m-K 
Unite are W/m-K 
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As a comparison, the same product was made using 
21.6 gram* of boron nitride (21 volume % filler,, flame as 
the present example) ana tested for thermal conductivity 
at o and 300 pai with the following results: 

0 psi: 0.33 units are in W/m-K 
300 psi: 0.61 units are in W/m-R 

As can be clearly seen, the titanium diboride filler 
provided significantly higher thermal conductivity at 0 
pel as compared to the boron nitride filler and better 
apparent thermal conductivity properties at 300 psi than 
the boron nitride filler example. 
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1. ) A thermally conductive material comprising a 
composition of a resin binder and thermally conductive 
filler of titanium diboride distributed throughout the 
resin binder. 

2. ) The material of Claim 1 wherein the composition 
is selected from the group consisting of elastomers/ 
films, end tapes, 

3. ) The material of Claim 1 wherein the material is 
an elastomer selected from the group consisting of 
silicones/ ur ethanes, and thermoplastic rubbers • 

4. ) The material of Claim 1 wherein material is s 
film is selected from the group consisting of nylons, 
polyimides, polyaraides, polyesters, polyolefins, PEEK and 
blends thereof. 

5. ) The materiel of Claim 1 wherein the material is 
a tape selected from the group consisting of silicones, 
urathanes and acrylics. 

6. ) A thermal conductive tape comprising a pressure 
sensitive adhesive resin binder* 

7«) The tape of Claim 6 wherein the resin 1b 
selected from the group consisting of acrylic resin 
urethans and silicone rubber. 

8*) The tape of Claim 6 further comprising a 
support overlaying the adhesive layer and a second 
adhesive layer formed of a pressure sensitive resin binder 
and titanium diboride filler overlaying the support layer. 

The tape of Claim 6 wherein the titanium 
diboride is from about 10* to about 50% by volume of the • 
layer. 
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10- ) The tape of Claim 6 further comprising one ot 
more additional thermally conductive fillers selected from 
the group consisting alumina , boron nitride, magnesia/ 
graphite, aluminum nitride and blends thereof. 

11. ) A thermally conductive elastomer comprising a 
composition formed of an elastomer selected from the group 
consisting of silicones, urethanes and thermoplastic 
rubbers, and a thermally conductive filler of titanium 
diboxide, 

12. ) The elastomer of Claim 11 further comprising 
one or more additional thermally conductive fillers 
selected from the group consisting of alumina, boron 
nitride, magnesia, graphite, aluminum nitride and blends 
thereof . 

13 . ) The elastomer of Claim 11 further comprising a 
support layer contained within the elastomer layer, the 
support layer being selected from the group consisting of 
plastic, metal and fiber glass materials* 

14. ) The elastomer of Claim 11 wherein the resin 
binder is a silicone rubber and the filler is present in 
an amount of from 10% to 60% volume % of the elastomer. 

15. ) A thermally conductive film comprising a film 
formed of a resin binder selected from the group 
consisting of polyolefins, nylons, polyimides, polyamides, 
polyesters* PEEK, and combinations thereof and titanium 
diboride as a filler, 

16. ) The film of Claim IS further comprising one or 
more additional thermally conductive fillers selected from 
the group consisting of alumina, boron nitride, magnesia, 
graphite, aluminum nitride, zinc oxifle and blends thereof* 

17. ) The film of Claim 15 wherein the resin binder 
is a polyimide. 

IB.) The film of Claim 13 wherein the filler is 
present in an amount of from about 10% to about 60% volume 
percent of the film. 
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19. ) A composite thermal material comprising a 
first outer thermally conductive layer formed of e resin 
binder and a thermally conductive filler, a thermally 
conductive support layer overlaying the first outer layer , 
the support layer being formed as a film and comprised of 
a xesin binder and thermally conductive filler, and a' 
second outer layer formed on a surface of the support 
layer opposite that to which the support layer overlays 
the first outer layer, the second outer layer being formed 
of a resin binder and a thermally conductive filler, 
wherein the filler of the support layer is formed of 
titanium diboride and the filler of the first and second 
outer layers is selected from the group consisting of 
titanium diborate f alumina, magnesia* boron nitride, 
graphite , aluminum nitride and blends thereof, 

20. ) The composite of Claim 19 wherein the filler 
of the first and second outer layers is titanium diboride. 
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